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Several traffic information descriptors have been evaluated as 
to how desirable they are to drivers residing in the Chicago 
metropolitan area. These descriptors are messages about the 
conditions on a freeway and are displayed by electronic signs. 
Evaluated were 7 descriptors at the level of heavy congestion, 
6 at the level of moderate congestion, and 6 at the level of no 
congestion. The messages contained descriptive information, 
quantitative information, and no information. For all levels of 
congestion, traffic information was preferred to no information 
about traffic conditions . For the level of heavy congestion, in
formation about an accident having occurred and causing heavy 
congestion was the descriptor most preferred by respondents 
in the total sample. The speed descriptor ranked second (the 
accident descriptor ranked first) for the level of heavy conges
tion and first for the other two levels of congestion. The two 
remaining descriptors (excluding the accident descriptor) were 
scaled fairly high, but were less desirable than the speed de
scriptor. The two quantitative descriptors, delay and travel 
time, had relatively low scale values and were simply not de
sired by the respondents. 

•IN THE UNITED STATES the number of urban residents increased by 30 million 
from 1955 to 1965 (1). During this same time, vehicle ownership in the United States 
increased to 85 million vehicles and transit patronage decreased by over 3 billion rides 
annually. The result has been increasing congestion on urban highway systems, in
creasing transportation costs, and increasing calls for more efficient use of existing 
streets and highways to counter the considerable costs of constructing new facilities. 
(Transit includes surface street car, bus, or trolley bus in local urban service as well 
as subways or elevated rail rapid transit. Public transportation includes transit plus 
rail commuter services and taxis. Highway facilities or highway system includes all 
types of facilities available for use by the automobile. The transportation system in
cludes facilities of all modes of transportation.) 

Most urban highways, and particularly freeways, operate satisfactorily for a large 
portion of the day, but they become extremely congested during the morning and after
noon peak periods. Even in low-density urban areas, the freeway volume carried during 
the morning peak period can exceed 20 percent of the total 24-hour volume (2). The in
evitable result of this concentration of demand is a sharp reduction in level Of service. 

Although freeway facilities may be extremely overloaded at certain times, frequently 
other parallel elements of the highway system have low utilization during these peak 
periods (3 ). One possible method for providing a higher level of peak-period service 
on existing freeways, therefore, appears to be a redistribution of demand. Conceptually, 
this could be accomplished by mandatory controls and by voluntary choice on the part 
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of individual drivers. Mandatory controls enforce the use of designated routes. At the 
beginning of a journey, a motorist would be assigned a route, and he would be required 
to take the particular route designated. Voluntary choice would include the provision 
of information to the motorist that would enable him to select the more appropriate 
route for his journey. Voluntary choice, though certainly more desirable in principle, 
requires as an essential additional input the provision of information to the driver on 
the alternatives available to him and the levels of service they offer. (Information in
cludes information on traffic and road conditions, routing, and directional guidance. 
Traffic information is information on speed, volume, minutes of delay, and the like as
sociated with a given route.) In other words, a system based on voluntary choice has 
to give the driver a good reason for changing his route away from the freeway onto an 
alternate road. At present only primitive techniques are available for transmitting this 
type of information and are, all too often, both inaccurate and untimely. In the Chicago 
metropolitan area, helicopter traffic reports are broadcast over local radio stations; 
in isolated areas, other forms of traffic information are available. 

An information system is needed, therefore, that could provide the highway user 
with real-time or pseudo-real-time information on the operational status of alternative 
highway facilities. (Real-time information is instantaneous information regarding 
conditions on the freeway. However, the best interests of the controlling agency or 
the driver may not be served by furnishing all information in real time. When it is 
more desirable to delay by some specific time interval the furnishing of information, 
the delayed information is in pseudo-real-time.) Such a system, if it can be made to 
work, can well offer substantial returns in terms of improved system performance. 

The motorist beginning a journey usually has little or no knowledge of the operating 
conditions existing on any of the available routes between his origin and destination. 
Generally, his expectations of the conditions that are likely to prevail and of the alter
natives available to him are founded solely on his previous experience. His perceived 
notions of the traffic conditions on any given route can be the result of several infor
mation sources such as the news media, either radio or paper, friends, or his own 
past driving experience. If he selects a route that is heavily congested, the journey 
becomes taxing for himself and serves to increase the inefficiency of overall system 
performance. Better alternative routes may be available to him, but he seldom has 
sufficient information on which to base an intelligent choice. 

Once a driver has begun his journey, he may encounter congestion caused either by 
the heavy demand placed on his route or by the occurrence of an incident, not neces
sarily an accident, that causes a breakdown in flow. (An incident may be an accident 
or the placing of warning signs near the roadway by a road repair crew. An incident 
is anything that causes a breakdown in operation.) Under such circumstances some 
drivers will voluntarily divert to other routes to avoid the congested conditions. Others 
will simply remain on the preselected route. In either case, the individual driver has 
very little real-time information available to help him make a wise decision as to the 
correct procedure to follow. The provision of such information at the appropriate point 
along a route could, and probably would, cause a voluntary diversion of a proportion 
of drivers and cause in turn a shift in demand and a more rapid return to an efficient 
level of overall system operation. 

DESIGN OF STUDY 

A research study was undertaken to evaluate specific traffic information descriptors 
(outputs) to be used by a Freeway Driver Information System (FDIS). As conceived 
here, the FDIS would operate only on selected freeways and at selected locations ad
jacent to these freeways. It is designed to increase the efficiency of existing facilities 
by promoting a voluntary redistribution of demand so that new facilities do not have to 
be constructed. The FDIS will operate in real-time, furnishing information about traf
fic conditi'ons to freeway users. Psychological scaling techniques were used to evaluate 
driver preferences for selected visual information displays. This research was di
rected toward evaluating visual displays rather than audio broadcasts; however, findings 
are thought to be applicable to both. 
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In the following discussion, the level of information refers to heavy, moderate, or 
uncongested traffic conditions. The form of information may be descriptive such as 
moderate congestion or quantitative such as the number of minutes of travel time. The 
method of paired comparisons used to evaluate the level and form of information pre
ferred by drivers is described in detail in the literature (4, 5). A sample of 732 driv
ers residing in Cook County, Illinois, was selected, and each-driver was administereda 
structured questionnaire to obtain responses for the paired comparison evaluation. 
Each driver owned a car and made a regularly scheduled automobile trip to a place of 
employment, school, or other location. Residences of the drivers were uniformly dis
tributed throughout Cook County. The 7 descriptors for heavy congestion, 6 for mod
erate congestion, and 6 for no congestion are given in the following list: 

Heavy Congestion 

1. Speed 5 to 15 mph-next 3 miles 
2. Heavy congestion-next 3 miles 
3. Stop and go traffic-next 3 miles 
4. Extra delay 10 to 20 minutes-next 3 miles 
5. Accident-heavy congestion-next 3 miles 
6. Travel time 15 to 25 minutes-next 3 miles 
7. Blank sign 

Moderate Congestion 

1. Speed 20 to 30 mph-next 3 miles 
2. Moderate congestion-next 3 miles 
3. Heavy, steady, traffic flow-next 3 miles 
4. Extra delay 0 to 10 minutes-next 3 miles 
5. Travel time 5 to 15 minutes-next 3 miles 
6. Blank sign 

No Congestion 

1. Free-flowing traffic-next 3 miles 
2. Uncongested-next 3 miles 
3. Extra delay 0 minutes-next 3 miles 
4. Speed 45 to 55 mph-next 3 miles 
5. Travel time 3 to 8 minutes-next 3 miles 
6. Blank sign 

Each descriptor at each level of congestion was paired with all other descriptors at 
that level. The respondent was told that the signs (descriptors) in each pair described 
the same traffic conditions on an expressway. The respondent was asked to indicate 
whether he preferred sign A or sign B as a form of traffic information. 

The number of pairs to be compared at each level is n(n - 1)/2 where n is the num
ber of descriptors. A total of 51 pairs were generated and viewed by each respondent: 
21 pairs and 15 pairs each for moderate congestion and uncongested conditions. Fig
ure 1 shows typical signs that were presented to respondents. The paired comparisons 
and the descriptors within each pair were randomly ordered for different respondents 
to avoid bias caused by respondent fatigue or the tendency of some respondents to al
ways choose the first or second descriptor in each pair. 

The messages of the descriptors contained (a) descriptive information, (b) quantita
tive information, and (c) no information. The descriptors giving speed, travel time, 
and delay information were considered to be quantitative, and the blank sign gave no in
formation. The remaining signs gave descriptive information. 

DRIVER PREFERENCES FOR DESCRIPTORS 

The P JK matrix for heavy congestion, moderate congestion, and no congestion is 
given in Tables 1, 2, and 3 respectively. These tables give the percentage of the time 
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Figure 1. Typical traffic information descriptors. 

TABLE 1 

PERCENTAGE OF TIME DESCRIPTOR J IS PREFERRED OVER 
DESCRIPTOR K FOR HEAVY CONGESTION 

K J Descriptors 
Descrlp-

tors 

1 
2 
3 
4 
5 
6 
7 

2 3 4 5 6 

47 .59 46.32 36.97 66.71 26.49 
52.41 46 .74 37 .11 77 .05 33.29 
53.68 53.26 32.86 70.82 33.43 
63.03 62.89 67.14 76.35 41.08 
33.29 22.95 29.18 23.65 28.05 
73.51 66 .71 66.57 58 .92 71.95 
86.69 86 .26 82 .29 77 .05 87 .54 70 .68 

TABLE 2 

PERCENTAGE OF TIME DESCRIPTOR J IS PREFERRED OVER 
DESCRIPTOR K FOR MODERATE CONGESTION 

K J Descriptors 
Descrip-

tors 2 4 

1 44.33 41.93 27 .20 21.25 
2 55.67 52.97 37.82 37.82 
3 58.07 47 .03 28.75 27 .20 
4 72 .08 62.18 71.25 49.72 
5 78 .75 62.18 72.80 50.28 
6 81.02 76.63 75.50 70.82 62.32 

TABLE 3 

PERCENTAGE OF TIME DESCRIPTOR J IS PREFERRED OVER 
DESCRIPTOR K FOR NO CONGESTION 

K J Descriptor a 
Descrip-

tors 2 4 s 
1 43.06 18.98 57.08 27 .62 
2 56.94 21.81 58.22 26.06 
3 81.02 78.19 79.75 46.03 
4 42.92 41.78 20.25 20.40 
5 72.38 73.94 53.97 79.60 
6 64 .02 66 .57 64.16 79 .04 56.94 

6 

18.98 
2.3.37 
24.50 
29.18 
37.68 

6 

35.98 
33.43 
35.84 
20.96 
43 .06 

7 

13.31 
13 .H 
17 .71 
22.95 
12.46 
29 .32 



each descriptor J was preferred over de
scriptor K at a given level of congestion. 
For heavy traffic (Table 1), descriptor 1 
(speed 5 to 15 mph-next 3 miles) is pre
ferred over descriptor 2 (heavy congestion
next 3 miles) 52.41 percent of the time, de
scriptor 5 (accident-heavy congestion-next 
3 miles) is consistently preferred over all 
other descriptors, and descriptor 7 (blank 
sign signifying that information is not fur
nished) is generally the least preferred. 
For all 3 levels of congestion, a blank sign 
is the least preferred of all the descriptors. 

The P JK matrix was used to develop a 
ranking or scaling of the descriptors for 
each level of congestion. These scale val
ues for each descriptor, shown in Figures 
2, 3, and 4, have several similar charac
teristics. At all 3 congestion levels, the 
blank sign has the lowest scale value and is, 
therefore , taken to represent a scale value 
of zero. The respondents interviewed pre
ferred some form of traffic information on 
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1.4 ACCIDEm' - HEAVY CO!{;ESTION - NEXT 3 MILES 

1.2 

l.O SPEED 5 TO 15 MPH - NEXT 3 MILES 
HEAVY CO!{;ESTION - NEXT 3 MILES 
STOP AND GO TRAFFIC - NEXT 3 MILES 

o.8 

EXTRA DELAY 10 TO 20 MINUTES - NEXT 3 MILES 

o.6 

TRAVEL TIME 15 TO 25 MINlJrES - NEXT 3 MILES 

0.4 

0.2 

0 BLANK SIGN 

Figure 2. Scaling of descriptors for heavy 

expressways regardless of the level of con- congestion. 
gestion. Even when there is no congestion 
and traffic is free-flowing, the respondents 
exhibited a preference for traffic information to be displayed. This seems to indicate 
that drivers want to be kept informed at all times about conditions to be encountered 
ahead of them on an expressway. 

At all 3 levels of congestion, 2 quantitative descriptors were relatively undesirable 
to the respondents and had little meaning to them relative to the other descriptors. 

l.4 

l.2 

l.4 

l. 2 

LO 

SPEED 45 TO 55 MPH - NEXT 3 MILES 
o.8 

~ o.6 
FREE-FLOWitc. TRAFFIC - NEXT 3 MILES 

UNCO!{;ESTED - NEXT 3 MILES 
t'i 
"' 

o.4 

0.2 

TRAVEL TIME 3 TO 8 MINUTES - NEXT 3 MILES 
RA DELAY 0 MINUTES - NEXT 3 MILES 

0 BLANK SIGN 

Figure 4. Scaling of descriptors for no 
congestion. 
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Figure 5. 

All Drivers 

0.2 o.i. o.6 o.8 l.O 

P" 
JK 

Calculated versus observed proportions of preference 
of descr iptor J over K for heavy congestion . 

These 2 represent minutes of 
travel time and delay, and their 
scale values at the level of no 
congestion (Fig. 4) are approxi
mately equal to that of a blank 
sign. 

For all 3 levels of congestion, 
the 2 descriptors pertaining to 
traffic conditions were preferred 
to the travel time, delay, and the 
blank sign descriptors. The 
traffic-condition descriptors have 
a relative scale value at each 
level of congestion that places 
them in the upper priority of traf
fic information descriptors. They 
are simple, concise, and easily 
comprehended . The driver does 
not have to make any mental cal
culations to translate them into 
meaningful information. It may 
be questionable whether a given 
descriptive term means exactly 
the same thing to each respon
dent, but the preferences of all 
respondents gave these descrip
tive terms relatively high prior
ity ratings. 

The quantitative term of speed was highly preferred. At the levels of moderate con
gestion and no congestion, it was the most preferred of all the descriptors. That the 

drivers interviewed scaled the 
speed descriptors as they did is 

LO 

o.8 

o.6 

o.4 

0.2 

0 

0 0 . 2 

All Drivers 

o.4 

P" 
JK 

o.6 o.8 l.O 

Figure 6 . Calculated versus observed proportions of preference 
of descriptor J over K for moderate congest ion . 

perhaps not too surprising be
cause all the driving experience 
of each respondent has been re
lated in some form to a speed
ometer. The driver often mea
sures his ability to negotiate a 
given route by the speed at which 
he can drive, rather than by the 
extra delay involved or the travel 
time required. The speedometer 
is always available for reference 
and probably is more available 
than a reference to time either 
in delay or in total travel. 

One additional descriptor used 
for the level of heavy congestion 
informed the driver that an acci
dent had occurred and heavy con -
gestion was on the expressway 
ahead. At the level of heavy con-
gestion, this descriptor was pre
ferred above all other descrip
tors, even to the one for speed. 
One might intuitively suggest sev
eral reasons why respondents 
prefer to know that an accident 



has occurred on the expressway 
ahead. fu the Chicago area, ac
cidents on major expressways 
can cause extreme congestion 
and long delays. Many times 
these accidents are minor but, 
because of a gapers' block by 
drivers going in both directions, 
traffic tie-ups can be extremely 
critical. A gapers' block is the 
situation where drivers slow 
down to a crawl speed to view 
an accident. The accident can 
be a minor or major one, but 
the disruption to traffic is 
caused not by the lanes of traf
fic being blocked by the acci
dent but by drivers slowing 
down to view the accident. 
When the exit ramps are located 
at fairly long spacing intervals, 
a driver can easily become en
snared in a traffic tie -up and 
lose a significant amount of 
time. It would be difficult to 
imagine that anyone who has 
driven in the Chicago area for 
any length of time has escaped 

1.0 

o.8 

o.6 

o.4 

0. 2 

0 0 . 2 

All Drivers 

o.4 

P" 
JK 

o. 6 

7 

o.8 1.0 

Figure 7. Calculated versus observed proportions of preference 
of descriptor J over K for no congestion. 

being in a traffic tie-up caused by an accident. One could perhaps well argue that one 
involvement is sufficient to cause drivers to desire information that might help them 
avoid such incidents. Some may argue that information on accidents would draw curi
osity seekers, but the authors believe that the desire to avoid a traffic tie-up is the 
primary reason that drivers gave this descriptor the highest scale value. 

EVALUATING THE MODEL 

A variety of checks may be made to evaluate the internal consistency of the scaling 
technique. The least squares estimates of the scale values were evaluated for each 
level of coni:;estion. Once the least squar es estimates of the scale values are de ter
mined, a PJK matrix repr esenting the derived percentages that descriptor J is pre
ferred over descriptor K is formed. If the least squares estimates are unbiased, the 
P JK values for m a linear r ela tionship with the observed P .JK entries . Figui·es 5, 6, 
and 7 s how the relationship of the P .JK entries to those of the P.JK matriX . 

The plots of the P JK: and the P .ffi: matrices indicate a fairly good fit of the model to 
the obs erved da ta for heavy and modera te congestion, a lthough there is s ome sca tter 

TABLE 4 

RESULTS OF TEST FOR FIT OF MODEL AND OBSERVED DATA 

Level of 
Degrees Chi Square Significant 

of Congestion 
Freedom Calculated 0.05 Difference 

Heavy 15 1.92 25.00 No 

Moderate 10 0 .70 18.31 No 

None 10 2 .29 18 .31 No 

of the data for uncongested conditions. 
The chi-square test, however , showed 
the model to be statistically accept
able at all 3 levels of congestion at 
the 0.05 confidence level (6, 7, 8). 
Table 4 gives the results Of the tests. 

ANALYSIS OF DATA BY 
SUBGROUPS 

For each level of congestion, the 
sample was divided into the subgroups 
based on the respondents who (a) are 
male drivers, (b) are female drivers, 
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(c) use expressway for journey to work, (d) do not use expressway for journey to work, 
(e) have an eighth grade education or less, (f) drive less than 5,000 miles per year in 
the Chicago area, {g) are under 25 years of age, and (h) are over 60 years of age. 
Scale values for the traffic descriptors for each level of congestion were determined 
for each subgroup and then compared to those of the total sample. A chi-square test 
was made for significant differences between each subgroup and the total sample. The 
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Figure 10. Scaling of descriptors for subgroups for no congestion . 
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scale values for the total sample and each of the subgroups for heavy, moderate, and 
uncongested conditions are shown in Figures 8, 9, and 10 respectively. 
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For the level of heavy congestion, all but 2 of the subgroups gave the highest scale 
values to descriptor 5 (accident-heavy congestion-next 3 miles). These 2 subgroups 
included respondents over 60 years of age and those with an eighth grade education or 
less who selected the speed descriptor as their first choice. Respondents with a low 
educational level selected descriptor 5 as their third choice. Respondents under 25 
years of age gave this descriptor somewhat higher scale value than the other groups 
did. Generally, for the level of heavy congestion, the most preferred descriptor (the 
one with the highest scale value) was one that furnished information about an accident. 
Speed, a quantitative term, was usually the second choice. Speed, heavy congestion, 
and stop-and-go traffic were very close together, and at times, their scale values 
were interchanged for some of the subgroups. Two of the quantitative terms, travel 
time and extra delay, were of minor importance. For all of the subgroups, the blank 
sign received the lowest scale value of all the descriptors. The respondents , regard
less of grouping, preferred information at the level of heavy congestion and were fairly 
cons is tent in their particular preferences. 

For the level of moderate congestion, all but one of the subgroups gave the highest 
scale value to the speed descriptor. Those respondents under 25 years of age ranked 
speed third and moderate congestion first. Generally, for the level of moderate con
gestion, the descriptive terms-heavy, steady, traffic flow in descriptor 3 and moder
ate congestion in descriptor 2-were scaled lower than speed. The quantitative terms , 
extra delay and travel time in descriptors 4 and 5, ranked low in the order of prefer
ences, and the blank sign, descriptor 6, received the lowest scale value of all the 
descriptors. 

For the level of no congestion, all but one of the subgroups preferred the descriptor 
speed over all other descriptors. Again, those respondents under 25 years of age 
ranked speed third and free-flowing traffic first. The rest of the subgroups scaled the 
2 descriptive terms, free flowing traffic in descriptor 1 and uncongested in descriptor 
2, lower than speed. All subgroups valued the quantitative terms, extra delay and 
travel time, and the blank sign quite low . 
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TABLE 5 

SIGNIFICANT DIFFERENCES BETWEEN SUBGROUP AND TOTAL GROUP FOR HEAVY CONGESTION 

Number Degrees Chi Square Significant 
Subgroup in of Difference Subgroup Freedom Calculated 0.05 

1. Are male 638 15 0 .04 25 .00 No 
2. Ar e female 68 15 3.33 25 .00 No 
3. Use expressway 402 15 0.50 25.00 No 
4. Do not use expres sway 304 15 0.80 25.00 No 
5. Have an eighth grade edu-

cation or less 60 15 36 .38 25 .00 Yes 
6. Drive less than 5, 000 miles 

per year in Chicago area 71 15 3.89 25.00 No 
7. Are under 25 years of age 30 15 4.95 25.00 No 
8. Are over 60 years of age 55 15 9.74 25.00 No 

Note: There were 706 in total group 

A chi-square test was used to ascertain any significant differences in the preference 
for descriptors between each subgroup and the total sample. There are some obvious 
limitations when the chi-square test is used in this manner. Basically, each subgroup 
is a subset of the total group and, depending on the individual subgroup size, will re
flect the characteristics of the total sample. As the subgroup becomes large relative 
to the total group, these characteristics will become more dominant, and the cal
culated chi square value will decrease. This can result in not rejecting the null 
hypothesis that there is no significant difference between the subgroup and the total 

TABLE 6 

SIGNIFICANT DIFFERENCES BETWEEN SUBGROUP AND TOTAL GROUP FOR MODERATE CONGESTION 

Number Degrees Chi Square 
Significant Subgroup in of 

Subgroup Freedom Calculated 0 .05 Difference 

1. Are male 638 10 1.43 18 .31 No 
2. Are female 68 10 1.24 18.31 No 
3. Use expressway 402 10 0 .22 18 .31 No 
4. Do not use expressway 304 10 2.79 18.31 No 
5. Have an eighth grade edu -

cation or less 60 10 3.85 18.31 No 
6. Drive less than 5, 000 miles 

per year in Chicago area 71 10 2.40 18.31 No 
7. Are under 25 years of age 30 10 5.99 18 .31 No 
8. Are over 60 years of age 55 10 0.89 18 .31 No 

Note: There were 706 in total group. 

TABLE 7 

SIGNIFICANT DIFFERENCES BETWEEN SUBGROUP AND TOTAL GROUP FOR NO CONGESTION 

Number Degrees Chi Square Significant Subgroup in of 
Subgroup Freedom Calculated 0 .05 Difference 

1. Are male 638 10 0.03 18.31 No 
2. Are female 68 10 2.38 lR .31 No 
3. Use expressway 402 10 0.12 18.31 No 
4 . Do not use expres sway 304 10 0.17 18 .31 No 
5. Have an eighth grade edu-

cation or less 60 10 3 .82 18 .31 No 
6. Drive less than 5, 000 miles 

per year in Chicago area 71 10 2.00 18.31 No 
7 . Are under 25 year s of age 30 10 9.55 18 .31 No 
8. Are over 60 years of age 55 10 1.43 18.3 1 No 

Note: There were 706 in total group. 
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sample when at times perhaps it should be rejected. Therefore, the chi-square test 
results given in Tables 5, 6, and 7 should be used merely as indicators and not as rigid 
tests for significant differences. 

For all 3 levels of congestion, only one subgroup appeared to differ significantly 
from the total sample. This was the respondents with an eighth grade education or less 
for level of heavy congestion. 

In addition to the chi-sguare results given in Tables 5, 6, and 7, a plot was made of 
the P JK of the total group and the P JK of each subgroup. As expected, the greater the 
departure from linearity, the higher was the value of the calculated chi square value. 
Consequently, these 2 procedures complemented one another. 

SUMMARY 

For all levels of congestion, traffic information was preferred to no information 
about traffic conditions. For the level of heavy congestion, information about an acci
dent that had occurred and was causing heavy congestion was the most preferred de
scriptor of the total sample. The speed descriptor ranked second to the accident de
scriptor for the level of heavy congestion and first for the other two levels of conges
tion. The 2 descriptive terms (excluding the accident descriptor) were scaled fairly 
high, but were less desirable than the speed term. The 2 quantitative terms, delay 
and travel time, had relatively low scale values and were simply not desired by the 
respondents. 

Only a limited number of traffic information descriptors were evaluated. The method 
of paired comparisons can be used to extend this evaluation to any number of descrip
tors. Although this research was applied only to visual formats, it can be extended to 
audio descriptors. A desirable information format, whether audio or visual, would be 
one that is satisfactory to a wide range of drivers and yet will not discriminate against 
any particular subgroup. The capability of furnishing the desired information becomes 
a function of design. 
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Discussion 
DONALD E. CLEVELAND, Department of Civil Engineering, University of Michigan
Various techniques can be used to serve a fixed set of traffic demands. Until recently, 
little attention has been given to the use of traffic information and control methods to 
achieve a redistribution of flows from over-utilized freeways to under-utilized major 
arterial streets. Under certain circumstances and as a result of this redistribution, 
most travel can be accomplished faster and more smoothly. The authors have contrib
uted a valuable study that will aid in the evolution of this method and design of operat
ing systems. 

They believe that traffic redistribution should and can be accomplished by providing 
current information on flow conditions on alternate routes and that the message dis
played is important in providing this information. They have conducted an experiment 
in which as many as 6 pictorial displays generally purporting to contain the same in
formational content were shown to 706 subjects, all of whom were Chicago area auto
mobile owners on a pseudo-freeway. The subjects were shown displays for 3 widely 
varying levels of service. 

Their findings show that the subjects strongly desired any information on flow con
ditions ahead. This desire increased as traffic conditions became more congested. 
The information regarding average speed was preferred generally except that under 
heavy traffic conditions information that an accident had occurred ahead was considered 
to be of more value than speed information. Generally, stratification of the subjects 
by sex, expressway usage habits, age, educational level, and annual local mileage 
showed no significant differences in these findings. 

The study appears to have been well executed; the analysis techniques are satisfac
tory and widely used; the sample is adequate; the findings appear to be integrable with 
operational studies such as those we are making in Detroit in which several types of 
displays on alternate routes are being used. There does not seem to be any reason 
why similar results would not be attained elsewhere. 

Their findings that information is preferred to no information and that speed infor
mation is the most widely appreciated for describing conditions ahead are not surpris
ing. In some sense, however, the preference for accident information to specific speed 
information under heavy traffic-flow conditions is puzzling. There appears to be an 
inconsistency in drivers' preferring the vague information that there is an accident 
ahead to the specific speed that can be anticipated. It would be reassuring to have the 
authors restate the specific instructions and format of this question. The motorists 
may possibly have interpreted the accident data as not describing ,the same set of op
erating conditions conveyed by the speed display. In fact, a number of minor incon
sistencies in the quantitative data used in the study support such a request. 

It would be appreciated if the authors would provide the benefit of their insight gained 
from this and other studies by responding to the following questions: 

1. What are the relative improvements that can be expected from this type of de
mand redistribution in a cost-effectiveness sense as compared to other techniques 
available to engineers? 

2. Why should voluntary choice instead of mandatory control be used in achieving 
this type of demand redistribution? 

3. Demand redistribution is not achieved solely by conveying a message. Is it pos
sible that the driver's decision-making process is so complex that different displays 
of the type used in this study may be optional under certain environmental states? 

PAUL FOWLER, Automobile Club of Southern California-The American motorist 
clearly needs and wants more meaningful information concerning the driving task con
fronting him. This conclusion presented by the authors from their questionnaire sur-
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vey of Illinois motorists has also been corroborated by previous surveys throughout 
the country concerning motorists' reactions to highway signing and radio traffic broad
casts. Although some experimentation is being done with various types of changeable
message signs, this study is especially significant because it attempts to determine 
what the motorist himself believes to be the most meaningful type of information. Pre
vious research invariably attempted to measure only driver response to arbitrarily se
lected specific messages. The authors have identified driver preferences for visual 
real-time information within a broader range of alternative types of displays. Within 
this limited range of possibilities, the authors have tested the study results for signif
icance and presented their conclusions in clearly understandable terms. 

First in importance, the motorist wants advance information of unusual conditions 
such as accidents or other unpredictable disruptions ahead along his intended route. 
Second, he desires quantitative information in some meaningful form concerning the 
relative speed or travel time he may expect. 

There is room for serious question that the expressed preferences for visual dis
plays would, in fact, apply equally to audio broadcast messages as the authors assert. 
To be effective, visual descriptors must be concise and limited in number. On the 
other hand, audio messages permit greater detail, explanation, and even emphasis. 
Air Force research has led to adoption of pre-recorded audio messages to alert pilots 
to specific emergencies in preference to certain visual displays. Recent polls of 
radio listenership in the Los Angeles area seem to reflect significant shifts to one sta
tion that has adapted computerized techniques for broadcasting periodic estimates of 
travel times on specific segments of freeways during the commuter rush hours. Al
though these travel times are computed from historical data and are adjusted accord
ing to reported accidents or stoppages without any real-time input, the program ratings 
reflect the motorist's belief that travel time in minutes is meaningful information that 
is either helpful or reassuring to him. This indication of subjective popularity suggests 
that quantitative information in speed or minutes is useful, particularly if it is presented 
in detail or adequately explained. Certainly the possibilities inherent in audio broad
casts must be considered separately on their own merits and investigated in further 
research. 

The authors presented to each of the motorists a visual display message in a sample 
photograph of a particular type of changeable-message sign rather than a simple type
written or printed descriptor. This departure from pure research may be unfortunate 
in that it appears to inject the possibility of a driver bias that results from personal 
reactions to the particular type of sign but that might be more applicable to certain 
types of descriptors. Previous studies of driver response to similar changeable
message signs in the Detroit and New York areas raise some question that the read
ability or impact of that particular hardware could affect the stated preferences of the 
respondents tested. If specific limitations in the hardware could in fact affect the mo
torist's selections, then further studies may be necessary involving more legible mes
sages, alternative types of hardware, or simple, printed displays. 

As a final point of discussion, there is a need for further verification of driver in
formation preferences in other metropolitan areas. For instance, the driver's needs 
and responses may well reflect the relative sophistication that he has attained. Con
ceivably this would vary throughout the country depending on the availability and com
plexity of the freeway network, the availability of other travel modes, and the average 
commuter trip-length. The motorist's needs and ability to respond in a low-density, 
automobile-oriented community may well be quite different from those in a high-density, 
geographically constrained metropolitan area. 

This research effort into the subject of visual information displays is timely and 
represents an extremely important step in the development of improved driver infor
mation systems. It could represent the first phase of a three-phase project. The sec
ond phase would logically involve simulation tests to measure actual driver response 
to specific types of messages, as distinguished from this sampling of driver prefer
ences. The final stage must necessarily involve full-scale field testing of prototype 
hardware, including real-time data collection systems. The need for operational im
provements to obtain optimum efficiency from urban freeways, particularly during 
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periods of peak traffic demand, is readily apparent if we are to keep pace with shifting 
urban population. The authors are to be commended for their attack on this crucial 
problem and for their forthright presentation of the study results. 

JOSEPH A. WATTLEWORTH, University of Florida, Gainesville-In this questionnaire 
study of the preferences of drivers for alternate visual displays, the significant find
ings were that (a) drivers preferred to have information about freeway traffic condi
tions; (b) displays presenting speed information or descriptive terms were preferred 
to displays presenting quantitative travel time or delay information; and (c) for heavy 
congestion, the drivers preferred the addition of an accident descriptor in the display. 

In my view, the most significant result is that displays that present speed informa
tion or descriptive terms were preferable to displays that present quantitative travel 
time or delay information. This would indicate that motorists do not evaluate alter
nate routes in terms of travel time and delay, but rather that they tend to think in terms 
of speed or some other reference parameter-perhaps comfort and convenience. This 
is not necessarily to say that the motorists do not end up taking the minimum-travel
time route, but merely that they do not evaluate the alternate specifically in terms of 
travel time. Because most traffic assignment procedures are based on some minimum
travel-time principle, this point is quite significant and suggests that further investi
gation into the philosophy of traffic assignment is warranted. 

This research finding is significant for another reason. For years many traffic ex
perts have argued that drivers do, indeed, think in terms of minimum travel time 
when they are selecting from alternate routes. These experts have based many deci
sions on this premise. Research has shown that, in this case, expert professional 
opinion was wrong and one must wonder how many more similar examples one could 
find. Too many standards, policies, and guidelines are established by committee con
sensus or by a similar edict by knowledgeable people who are forced to act without 
thorough factual documentation of the wisdom of their course of action. Too often, then, 
these standards, policies, and guidelines are never questioned because of the profes
sional esteem of the originators. These comments are intended not to question the pro
fessional abilities of anyone but to emphasize the value of research in providing more 
factual information on which to base or check traffic engineering decisions. Specifically, 
it is suggested that further research of this type be conducted to evaluate driver pref
erences for information in other signing situations. 

Good research, in addition to answering the initial question or questions, should 
serve to raise other questions for further investigation, and this research has done 
this. Many of these questions are related to the systems aspects rather than to merely 
the display aspects of a freeway driver information system and are concerned with sys
tem operation, system performance, and driver reaction, all of which are beyond the 
scope of the present investigation. Several of these questions are discussed in the fol
lowing paragraphs. 

Will a significant number of drivers who are told of heavy freeway congestion actu
ally divert to alternate routes? Numerous studies in Houston (9) and elsewhere have 
indicated that many motorists actually increase their trip time and distance in order 
to use freeways for parts of their trips. If the freeway is this attractive to the motor
ists, they may be reluctant to divert from it. 

Is it sufficient to present information only regarding freeway conditions, or must 
information also be presented on alternate route conditions ? The descriptions of the 
Freeway Driver Information System in the paper suggested that only freeway informa
tion would be presented. This still leaves the driver in somewhat of a quandary re
garding conditions on the alternate route unless the operation of the alternate route is 
unusually consistent and insensitive to changes in demand caused by the diversion. The 
driver is interested, it would appear, in information on which he can base a selection 
of an alternate route, and merely having knowledge of freeway conditions may not be 
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adequate in most instances. If an attempt is made to provide information on the best 
alternate route to a point, system stability must be considered. fu many freeway cor
ridors in which the demand is fairly close to capacity, shifts in some demand may 
cause congestion on the best route, thereby ending its status as best route. The infor
mation system may then oscillate between the alternate routes in designating them as 
best routes. 

Should the accident descriptor be used to emphasize the heavy-congestion message 
only when there actually is an accident? It would appear that indicating an accident 
when there is none would adversely affect the drivers' confidence in the system. The 
use of the accident descriptor should probably be questioned from another point of view. 
Although the drivers indicated a preference for this additional information, it is not 
clear how it would be used. Specifically, it is not clear whether this additional infor
mation would encourage diversion from the freeway or whether it would tend to encour
age drivers to use the freeway to be able to see the accident. 

In summary, the paper was quite good and presented some very important findings 
regarding the display portion of the Freeway Driver Information System. Several other 
questions relating to system operation, system performance, and driver reactions to 
such a system have been left for subsequent investigations. 
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KENNETH W. HEATHINGTON, RICHARD D. WORRALL, and GERALD C. HOFF, 
Closure-The authors wish to express their appreciation to the 3 discussers for the 
manner in which they conducted their reviews. Basically, we believe all of the ques
tions raised are very pertinent to the research at hand. Some of these questions, per
haps, we can answer. Others are simply not covered in our research. Because this 
presentation represents only a small part of the overall project performed at the Ex
pressway Surveillance Project, it does not address some of the questions that have 
come forth. These would tend to be explained by an exploration of other parts of the 
research. fu a brief manner, however, we will attempt to make some comments that 
should help in clarifying some of the points raised. 

Our statement that the results of this research might be applicable to audio systems 
was to imply that the information areas of interest should be compatible. That is, if 
information on speed is highly preferred in a visual display, perhaps this same type of 
information would be highly preferred in an audio broadcast. Furthermore, we do not 
feel that the signs biased the answers of the respondents in any manner. The method of 
paired comparisons forced the respondent to choose between 2 signs that differed only 
by their messages. Thus the respondent really had a choice only between messages. 

We believe (and this is based partly on conversations with a few of the respondents) 
that drivers in the Chicago area are deeply concerned about being caught in a traffic 
tie-up caused by an accident. The accident descriptor probably conveys to the respon
dents a mixture of conditions such as inconvenience, discomfort, slow speeds, stalled 
traffic, and long delays. All of these, of course, the driver would like to avoid. Al
though each respondent was specifically instructed that the paired signs were intended 
to convey exactly the same conditions (with the exception of a blank sign), it is possible 
that some respondents may have mentally interpreted them differently. 

The relative improvements that can be expected from a demand redistribution have 
not been evaluated in a cost-effectiveness framework. Preliminary examination, how
ever, indicates that the cost of information systems may be substantially less than that 
of other techniques appropriate for redistributing the demand. The important point to 
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recognize is the ability of a particular information system to significantly influence the 
redistribution of demand. We believe that an information system can be effective but, 
of course, our research has not progressed sufficiently to substantiate this belief. We 
certainly subscribe to a voluntary rather than a forced redistribution of demand for the 
more obvious reasons of cost, capabilities, practicallity, and user acceptance. One 
can, of course, present further arguments for a voluntary redistribution of demand. 

We would prefer a very elaborate information system operating in real time. Con
ceptually, this information system should cover all modes and all facilities so that con
ditions are known with some degree of certainty at any time a query is made. We re
alize, however, that it is difficult to begin with such an elaborate system. For this 
reason, the overall research was directed toward a system that is within our present 
capabilities of resources and technology. 




